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Abstract 

Theoretical predictions are given for the light-flavor sea-quark distributions in the nucleon in- 
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CN ■ eluding the strange quark ones on the basis of the flavor SU(3) version of the chiral quark soliton 

model. Careful account is taken of the SU(3) symmetry breaking effects due to the mass difference 
Am s between the strange and nonstrange quarks, which is the only one parameter necessary for the 
flavor SU(3) generalization of the model. A particular emphasis of study is put on the light-flavor 
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, sea-quark asymmetry as exemplified by the observables d(x) — u{x) , d{x) / u(x) , Au(x) — Ad(x) as 



well as on the particle- antiparticle asymmetry of the strange quark distributions represented by 
s(x) — s(x), s(x)/s(x), As(x) — As(x) etc. As for the unpolarized sea-quark distributions, the pre- 
dictions of the model seem qualitatively consistent with the available phenomenological information 
provided by the NMC data for d(x)—u(x), the E866 data for d(x)/u(x), the CCFR data and Barone 

• i-H , 

et al.'s fit for s(x)/s(x) etc. The model is shown to give several unique predictions also for the 
spin-dependent sea-quark distribution, such that As(x) <C As(x) < and Ad{x) < < Au(x), al- 
though the verification of these predictions must await more elaborate experimental investigations 
in the near future. 
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I. INTRODUCTION 



As is widely known, the perturbative QCD can predict only the Q 2 -dependence of parton 
distribution functions (PDF), whereas it can say nothing about the PDF at a prescribed 
energy scale. To predict PDF themselves, we need to solve nonperturbative QCD, which is 
an extremely difficult theoretical problem. It cannot be denied that, at least at the present 
stage, we cannot be too much ambitious in this respect. Still, we can do qualitatively interest- 
ing investigations. The key observation here is the following. In their semi-phenomenological 
analyses of PDF, Gliick, Reya and Vogt prepared the initial PDF at fairly low energy scale 
around 600 MeV, in contrast to the standard consent of perturbative QCD, and they con- 
cluded that light-flavor sea-quark (or antiquark) components are absolutely necessary even 
at this relatively low energy scale Furthermore, even the flavor asymmetry of the 

sea-quark distributions have been established by the celebrated NMC measurement || . The 
origin of this sea-quark asymmetry seems definitely nonperturbative, and cannot be ex- 
plained by the sea-quarks radiatively generated through the perturbative QCD evolution 
processes. Here we certainly need some low energy (nonperturbative) mechanism which 
generates sea-quark distributions in the nucleon. In our opinion, the chiral quark soliton 
model (CQSM) is the simplest and most powerful effective model of QCD, which fulfills the 
above physical requirement @]-@. Although it may still be a toy model in the sense that 
the gluon degrees of freedom are only implicitly handled, it has several nice features that 
are not shared by other effective models like the MIT bag model. Among others, most im- 
portant in the above-explained context is its field theoretical nature, i.e. the proper account 
of the polarization of Dirac sea quarks, which enables us to make reasonable estimation not 
only of quark distributions but also of antiquark distributions [jl0|l -[13||. It has already been 



shown that, without introducing any adjustable parameter, except for the initial-energy scale 
of the Revolution, the CQSM can describe nearly all the qualitatively noticeable features 
of the recent high-energy deep-inelastic scattering observables. It naturally explains the 
NMC observation, i.e. the excess of c?-sea over the w-sea in the proton Jl^|,|jl4|-|jl6|, (17]]. It 
also reproduces the characteristic features of the observed longitudinally polarized structure 
functions of the proton, the neutron and the deuteron [13f,|18||. Even the most puzzling 
observation, i.e. the unexpectedly small quark spin fraction of the nucleon, can be explained 
at least qualitatively with no need of a large gluon polarization at the low renormalization 



2 



scale [|J,JT9|. Finally, the model predicts a sizably large isospin asymmetry also for the 
spin-dependent sea-quark distributions, which we expect will be confirmed by near future 
experiments JTIJ , |13[ , [[LJ| , |20 . 

The above-mentioned unique feature of the CQSM is believed to play important roles 
also in the study of hidden strange quark excitations in the nucleon, which entirely have 
non-valence character |2T[]. The main purpose of the present study is to give theoretical 
predictions for both of the unpolarized and the longitudinally polarized strange quark dis- 
tributions in the nucleon, on the basis of the CQSM generalized to the case of flavor SU(3). 
Naturally, because of fairly large mass difference between the strange and nonstrange quarks, 
the flavor SU(3) symmetry is not so perfect symmetry as the flavor SU(2) one is. We must 
take account of this symmetry breaking effects in some way or other. Here, we shall accom- 
plish it relying upon the first order perturbation theory. It should be emphasized that, in our 
effective theory at quark level, this effective mass difference Am s between the s-quark and 
the u, ci-quarks is the only one additional parameter necessary for the flavor SU(3) general- 
ization of the CQSM. Through the study outlined above, we will be able to answer several 
interesting questions as follows. How important in nature is the admixture or the virtual 
excitation of s-s pairs in the nucleon, a system of total strange-quantum-number being zero? 
Does the asymmetry of the s-quark and s-quark distributions exist at all? If it exists, how 
large is it? Do we expect an appreciable particle-antiparticle asymmetry also for the spin- 
dependent strange quark distribution? We also want to verify whether a favorable prediction 
of the flavor SU(2) CQSM, i.e. the excess of the <i-sea over the w-sea in the proton, is taken 
over by the SU(3) model or not. What answer do we obtain for the isospin asymmetry of 
the spin dependent sea-quark distributions Au(x) — Ad(x) in the flavor SU(3) CQSM? 

In consideration of the length of the theoretical formulation of the model, we think it 
more appropriate to organize the paper as follows. That is, for the benefit of readers who 
have interest only in the phenomeno logical consequences of the SU(3) CQSM, we leave the 
description of the full theoretical formalism to a separate paper. (This paper will hereafter 
be referred to as II.) Instead, we will give in next section a brief summary of what dy- 
namical assumptions the model is constructed on and what approximations are necessary 
there. Next, in sect. 3, we compare the theoretical predictions of the model with available 
phenomenological information. We shall also give some discussions on the physical origin of 
the unique predictions of the model as to the light-flavor sea-quark asymmetry. Finally, in 
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sect. 4, some concluding remarks will made. 



II. A BRIEF SUMMARY OF THE MODEL 



Since the flavor 577(3) CQSM is constructed on the basis of the flavor SU(2) model, we 
first recall some basics of the SU(2) CQSM. It is specified by the effective Lagrangian M, 



C 



ip(x)(i ft - MU lh {x))i)(x) 



(1) 



with 



U^{x) = e *w(*)//», n(x) = n a (x)r a (a = l,---,3) (2) 



which describes the effective quark fields with a dynamically generated mass M, inter- 
acting with massless pions. The nucleon (or A) in this model appears as a rotational 
state of a symmetry-breaking hedgehog object, which itself is obtained as a solution of 
the self-consistent Hartree problem with infinitely many Dirac-sea quarks The 
theory is not renormalizable, and it is defined with an ultraviolet cutoff. In the Pauli- 
Villars regularization scheme, which is used throughout the present analysis, that which 
plays the role of the ultraviolet cutoff is the Pauli-Villars mass Mpy obeying the relation 
(N c M 2 /4n 2 ) In (M PV /M) 2 = f% with f n the pion weak decay constant |0|. Using the value 
M ~ 375 MeV, which is obtained from the phenomenology of nucleon low energy observ- 
ables, this relation fixes the Pauli-Villars mass as Mpy — 562 MeV. Since we are to use 
these values of M and Mpy, there is no free parameter additionally introduced into the 
calculation of distribution functions fll8| . 

The basic lagrangian of the SU(3) CQSM is given as 



ip(x)(i$ - MW 5 {x) - Am s P s )ip(x). 



(3) 



with 



and 



CT»(x) = e i75 ^ (x)/ ^, 



ir(x) = n a (x)X a (a = !,-••, 8) 
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Am s P s = Am s = Aq 

\3 8 , 





Am, 



(4) 
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It is a straightforward generalization of the SU(2) model | 22fl , ||23|| , except for one important 
new feature, i.e. the existence of SU(3) symmetry breaking term due to the sizably large 
mass difference Am s between the strange and nonstrange quarks. This mass difference Am s 
is the only one additional parameter necessary for the flavor SU(3) generalization of the 
CQSM. 

Now, the fundamental dynamical assumption of the SU(3) CQSM is as follows. The first 
is the embedding of the SU(2) self-consistent mean- field (of hedgehog shape) into the SU(3) 
matrix as 

f e i lh T-fF{r) q 

1 

just analogous to the SU(3) Skyrme model p4j,f25|. The next assumption is the semiclassical 
quantization of the rotational motion in the SU(3) collective coordinate space represented 
as 

U^(x,t) = A(t)U?(x)A\t), (7) 

with 

A(t) = e- lQt , Q = hl a \ a e SU(3). (8) 

The semiclassical quantization of this collective rotation leads to a systematic method of 
calculation of any nucleon observables, including the parton distribution functions, which is 
given as a perturbative series in the collective angular velocity operator Q. (We recall that 
this reduces to a kind of 1/N C expansion, since Q itself is an order 1/N C quantity.) In the 
present study, all the terms up to the first order in Q are consistently taken into account, 
basically according to the path integral formalism explained in Unfortunately, in the 
evaluation of the C^fi 1 ) contribution to the parton distribution function, we sometimes 
encounter ordering ambiguity of the collective space operators pUfl-pUl . In the case of 



flavor SU(2) CQSM, this ordering ambiguity of two collective operators is known to be 
avoided by adopting the time-order-preserving collective quantization procedure, which leads 
to the resolution of the long-standing problem inherent in the soliton model based on 
the classical hedgehog configuration f26j , |fj7| . However, it was pointed out that there exists 



some inconsistency between this particular quantization procedure and the basic dynamical 
framework of the SU(3) CQSM, i.e. the embedding of the SU(2) hedgehog mean-field into 
the SU(3) matrix followed by the subsequent quantization of the rotational motion in the 
full SU(3) collective coordinate space [0. Here, we avoid this problem simply following 



the symmetry preserving approach advocated in ||34|| . The more detailed discussion of this 
delicate problem will be given in II. 

Another important feature of the model lagrangian is the existence of sizably large SU(3) 
breaking term. We assume that the SU(3) symmetry breaking effects can be estimated by 
using the first order perturbation theory in the parameter Am s . In fact, its perturbative 
treatment would be justified (though not completely), since the effective mass difference Am s 
of the order of 100 MeV is much smaller than the typical energy scale of the model, which may 
be specified by the Pauli-Villars cutoff mass around 600 MeV. In the present investigation, 
we are to take account of three possible SU(3) breaking corrections in a consistent way, 
which are all first order in the mass parameter Am s . The simultaneous account of these 
corrections is shown to be essential for maintaining the quark number sum rules for the 
unpolarized distribution functions. The detail will again be explained in II. 



III. NUMERICAL RESULTS AND DISCUSSIONS 

The basic lagrangian of the model contains three physical parameters, the weak pion decay 
constant the dynamically generated effective quark mass M, and the mass difference Am s 
between the strange and nonstrange quarks. As usual, f n is fixed to be its physical value, 
i.e. /tt = 93 MeV. On the other hand, M is taken to be 375 MeV, which is the same value as 
used in our previous analysis of the nucleon spin structure functions within the framework 
of the flavor SU(2) CQSM ]n|. As a consequence, only one parameter remains in the SU(3) 
CQSM : it is Am s , i.e. the effective mass difference between the strange and nonstrange 
quarks. In the present analysis, we have tried to vary this parameter within the physically 
reasonable range, i.e. 60 MeV < Am s < 170 MeV, and found that overall success of the 
theory is obtained for the value of Am s around 100 MeV. All the following analyses are thus 
carried out by using the value Am s = 100 MeV. 

The model contains ultraviolet divergences so that it must be regularized by introducing 
some physical cutoff. Following the previous studies, we use the Pauli-Villars regularization 
scheme. In this scheme, any nucleon observables including quark distribution functions in 
the nucleon are regularized through the subtraction : 

(0) re9 = (0) M - (t7-) (0) Mpv . (9) 



M 



PV 



Here (0) M denotes the nucleon matrix element of an operator O evaluated with the original 
effective action with the mass parameter M, while (0) Mpv stands for the corresponding 
matrix element obtained from (0) M by replacing the parameter M with the Pauli-Villars 
cutoff mass Mpy- We emphasize that the Pauli-Villars mass Mpy is not an adjustable 
parameter of the model. Demanding that the regularized action reproduces the correct 
normalization of pion kinetic term in the corresponding bosonized action, Mpy is uniquely 
fixed by the relation 

J^MMog^/,. (10) 

For M = 375 MeV, this gives M PV ~ 562 MeV. 

Several additional comments are in order for the regularization scheme explained above. 
First, in the present investigation, the regularization specified by @ is introduced into all 
the observables, including those related to the imaginary part of the Euclidean action. This 
is in contrast to some authors' claim that the imaginary action should not be regularized 
23| , p5| . The ground of their assertion is that the imaginary part of the Euclidean action 



is ultraviolet finite and that the introduction of regularization would destroy conservation 
laws of some fundamental quantities like the baryon number and/or the quark numbers. 
It would be true if one uses the energy cutoff scheme like the proper-time regularization 
scheme. If fact, the proper-time regularization scheme is known to lead a violation of baryon- 
number conservation law at the level of 3 %. This is not the case for the Pauli-Villars 
regularization scheme, however. The baryon-number is just intact in this regularization 
scheme. Generally speaking, the introduction of regularization would give some effects on 
the quark distribution functions even though the fundamental conservation laws are intact. 
Since what we are handling is not a renormalizable theory but an effective theory, a different 
choice of regularization scheme leads to a different effective theory. We can say that our 
effective theory is defined with the above-explained regularization prescription. 

Secondly, as was shown in Ref. |36[, the Pauli-Villars scheme with a single subtraction 
term is not a completely satisfactory regularization procedure. It fails to remove ultravi- 
olet divergences of some special quantities like the vacuum quark condensate, which con- 
tains quadratic divergence instead of logarithmic one. For obtaining finite answers also 
for these special observables, the single-subtraction Pauli-Villars scheme is not enough. It 
was shown that more sophisticated Pauli-Villars scheme with two subtraction terms meets 
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this requirement fl36| . Fortunately, the self-consistent solution of the CQSM obtained in this 
double-subtraction Pauli-Villars scheme is only slightly different from that of the naive single- 
subtraction scheme, except when dealing with some special quantities containing quadratic 
divergences [0?J. Considering the fact that the calculation of quark distribution functions in 
the CQSM is extremely time-consuming and that the most nucleon observables are rather 
insensitive to which regularization scheme is chosen, we shall simply use here the single- 
subtraction Pauli-Villars scheme except for one special quantity to be just mentioned. It is 
the quantity a defined in Eq.(206) of II, i.e. the scalar charge of the nucleon. This parameter, 
appearing in the representation mixing Am s correction to the quark distribution functions, 
contains a quadratic divergence that can be regularized only by using the double-subtraction 
Pauli-Villars scheme. Since the predictions of the double-subtraction Pauli-Villars scheme 
for this quantity is not so far from the canonical value a ~ 7.5, which is obtained from the 



analysis of the pion-nucleon sigma term [p/fl , we shall simply use this value in the present 
study. 

To compare the predictions of the CQSM with the existing high energy data, we must 
take account of the scale dependencies of the quark distribution functions. This is done by 



using the Fortran codes provided by Saga group |55|,P5|,P0| which enable us to solve the 
DGLAP equations at the next-to-leading order. The initial energy of this scale evolution is 
fixed to be the value Q 2 = 0.30 GeV 2 throughout the whole investigation. Strictly speaking, 
it is a serious question how much meaning one can give to starting the QCD evolution 
at such low energy as Q 2 ~ (600 MeV) 2 , even though it is just motivated by a similar 
semi-phenomenological prescription by Gliick, Reya and Vogt 0. Furthermore, any precise 
statement about the model energy scale, where the Q 2 -evolution of the theoretical PDF 
should be started, is hard to give at our present understanding of the effective theory within 
the full QCD framework. (Worthy of special mention here is an interesting challenge to this 
difficult problem One should then keep in mind theoretical uncertainties introduced 

by such a semi-phenomenological prescription. 

Generally, the theoretical distribution functions obtained in the CQSM have unphysical 
tails beyond x — 1, although they are very small in magnitude. These unphysical tails of the 
theoretical distributions come from an approximate nature of our treatment of the soliton 
center-of-mass motion, which is essentially nonrelativistic. Since the Fortran programs of 
Saga group require that the distribution functions must vanish exactly for x > 1, we in- 
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troduce a x-dependent cutoff factor (1 — x 10 ) into all the theoretical distribution functions 
prepared at the model energy scale before substituted into the DGLAP equations. One can 



however confirm from Fig. 13 of Ref. [I3|] that the introduction of this cutoff factor hardly 
modifies the original distributions except for their tail behavior near and beyond x — 1. 
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FIG. 1: Six basic functions necessary for obtaining unpolarized distribution functions within the 
SU(3) CQSM with Am s corrections. Here, the solid and dashed curves respectively stand for the 
contributions of N c valence quarks and those of Dirac-sea quarks. 



Now we are ready to show the results of the numerical calculations. Fig. |I] shows six 
basic functions necessary for evaluating unpolarized distribution functions. Here, the first 
three functions fco(A ki(x) and k 2 (x) appear in the leading O(Q + contributions, while 
the remaining three functions ko(x), k 2 {x) and ^(x) are contained in the SU(3) breaking 
corrections to the unpolarized distribution functions. In all the figures, the solid and dashed 
curves represent the contributions of the N c valence quarks and those of the Dirac-sea 
quarks. (We recall that the terminology "valence quark" above should not be confused with 
the corresponding term in the quark-parton model. The valence quarks in the CQSM denote 
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quarks occupying the particular bound-state orbital, which emerges from the positive-energy 
Dirac continuum under the influence of the background pion field of hedgehog shape. Note 
however that the valence quark distribution in the sense of quark-parton model is easily 
obtained, as a difference of quark and antiquark distributions evaluated in the CQSM. One 
clearly sees that the effects of Dirac-sea quarks, or equivalently the vacuum polarization 
effects, are very important in all the basic distribution functions shown in Fig. [TJ. One can 
also convince that the above-mentioned unphysical tails of the distribution functions beyond 
x = 1 are really very small and of little practical importance. 



(a) u(x) 



(b) d(x) 



(c) s(x) 





FIG. 2: The unpolarized distribution functions with respective flavors. The distribution functions 
in the negative x region should actually be interpreted as the antiquark distributions according to 
the rule q(—x) = — q(x) with < x < 1. 



By using these basic functions, we can calculate any unpolarized distribution function 
with a specified flavor. Shown in Fig. |2] are the theoretical unpolarized distribution functions 
corresponding to three light flavors u, d and s. Remember that a distribution functions 
in the negative x region are interpreted as antiquark distributions according to the rule 
q(— x) = — q(x) with < x < 1. The familiar positivity constraint for the unpolarized 
quark and antiquark distributions means that q(x) > for < x < 1, while q(x) < for 
— 1 < x < 0. One clearly sees that our theoretical calculation legitimately satisfies this 
general constraint for the PDF. One can understand that this is not a trivial result, if one 
remembers the fact that the previous calculations by Tubingen group carried out in the so- 
called "valence-quark-only" approximation violate this general constraint in an intolerable 



way |42| . This proves our assertion that the proper account of the vacuum polarization 
contributions is vital to give any reliable predictions for the sea-quark distributions. 
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(a) g(x) + h(x) 



(b) e (x) 



(c) s (x) 




FIG. 3: Six basic functions necessary for evaluating longitudinally polarized distribution functions 
within the SU(3) CQSM with Am s corrections. The curves have the same meanings as in Fig. H. 

Next, in Fig. |3|, we show six basic functions necessary for evaluating longitudinally po- 
larized distribution functions. (Here, only the combination of g(x) and h(x) is shown, since 
it is this combination that enters the theoretical expression of physical distribution func- 
tions.) The first three functions g(x) + h(x), e(x) and s(x) appear in the leading 0(Q° + Q 1 ) 
terms, while the remaining three functions f(x),e(x) and s(x) are contained in the SU(3) 
symmetry breaking corrections to the longitudinally polarized distribution functions. One 
again sees that the contributions of Dirac-sea quarks have appreciable effects on the total 
distributions, although they are less significant than the case of the unpolarized distribution 



functions [)43| . Among others, we point out that the function g(x) + h(x) receives appreciably 
large and positive vacuum polarization contributions in the negative (as well as the positive) 
x region. We shall discuss later that this leads to a sizable large isospin asymmetry for the 
longitudinally polarized sea-quark (antiquark) distribution functions. 
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(a) Au(x) 



(b) Ad(x) 



(c) As(x) 
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XXX 

FIG. 4: The longitudinally polarized distribution functions with respective flavors. The distribution 
functions with negative arguments should be interpreted as antiquark distributions according to 
the rule Aq(—x) = Aq(x) with < x < 1. 

Using the above basic functions, we can calculate the longitudinally polarized distribution 
functions with any flavors. They are shown in Fig. f|. Here, the polarized distributions in 
the negative x region should be interpreted as the polarized antiquark ones according to 
the rule (5) of II, i.e. Aq(—x) = Aq(x) with < x < 1. From these figures, one can, for 
instance, read from these three figures that Au(x) > 0, Ad(x) < 0, and As(x) < 0. More 
detailed discussion of this interesting predictions of the SU(3) CQSM will be given later. 




FIG. 5: The theoretical predictions for the unpolarized s- and s-quark distributions at the model 
energy scale. The left figure is obtained without Am s corrections, while the right one is with the 
value of Am s = 100 MeV. 
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(a) As(x) and A i(x) with Am, = MeV (b) As(x) and A s(x) with Am, = 100 MeV 




FIG. 6: The theoretical predictions for the longitudinally polarized s- and s-quark distributions at 
the model energy scale. The left figure shows the result obtained without Am s corrections, while 
the right one corresponds to the result obtained with Am s = 100 MeV. 

Shown in Fig. |5] are the final predictions of the SU(3) CQSM for the unpolarized s- and 
s-quark distributions at the model energy scale. The left panel shows the result obtained 
in the chiral limit, i.e. without SU(3) symmetry breaking effects, while the right panel 
corresponds to the result obtained after introducing Am s corrections. One sees that the 
s-s asymmetry of the unpolarized distribution functions certainly exists. The difference 
s(x) — s(x) has some oscillatory behavior with several zeros as a function of x. This is of 
course due to the following two general constraints of the PDF : the positivity constraint 
for the unpolarized distributions and the strangeness quantum number conservations. Com- 
paring the two figures, one also finds that s(x) — s(x) is extremely sensitive to the SU(3) 
symmetry breaking effects. Fig. ^| shows the theoretical predictions for the longitudinally 
polarized strange quark distributions. In the chiral limit case, the s- and s-quarks are both 
negatively polarized, although the magnitude of As(x) is smaller than that of As(x). After 
introducing Am s corrections, As(x) remains large and negative, while As(x) becomes very 
small although slightly negative. 

To sum up, it is a definite conclusion of our theoretical analysis that the particle- 
antiparticle asymmetry of the strange-quark excitation in the nucleon is most likely to exist. 
Furthermore, the magnitude of the asymmetry seems more profound for the longitudinally 
polarized distribution than for the unpolarized one reflecting the fact that, for the polarized 
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FIG. 7: The theoretical unpolarized distribution functions s(x) and s(x) at Q 2 = 4GeV 2 in com 



parison with the corresponding CCFR data obtained under the assumption s(x) = s(x) [44]. The 
left panel shows the result obtained without Am s corrections, whereas the right panel represents 
the one with Am s = 100 MeV 2 . 

one, there exists no conservation laws that prevents the generation of asymmetry. To un- 
derstand the physical origin of these observations, it may be interesting to recall a simple 
argument of Brodsky and Ma based on the light-cone meson baryon fluctuation model |15] . 



(See also Ref. |4q| .) According to them, the intrinsic strangeness excitation in the proton 
is mainly due to the virtual K + A dissociation process. Because of parity conservation, the 
relative orbital angular momentum of this two particle system must be odd, most probably 
be p-wave state. Using the Clebsh-Gordan decomposition of this p-wave state, 

\K+A(J= 1 -,J z = l)) = Jl\L = l t L M = l)\S=±S, = -±) 

- ^||L = l,L, = 0>|5=i 5, = +i>, (11) 

one easily finds that the average spin projection of A in the proton is negative. Because the 
A spin mostly comes from the s-quark in it, it then immediately follows that the s-quark in 
the proton is negatively polarized. The situation is entirely different for the s-quark. Since 
the s-quark is contained in K + meson with zero spin, it follows that the net spin of s in 
K + and consequently in proton is zero. Note that whole these arguments are qualitatively 
consistent with the predictions of the CQSM. This indicates that the kaon cloud effects are 
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(a) SU(3) CQSM without Am s correction 



(b) SU(3) CQSM with Am s correction 




FIG. 8: The theoretical unpolarized distribution functions s(x) and s(x) at Q 2 = 20GeV 2 in 
comparison with the corresponding CCFR data [44]. The meanings of the curves are the same as 
in Fig. 

automatically taken into account by the collective rotation in the flavor SU(3) space, a basic 
dynamical assumption of the SU(3) CQSM. 

Now we want to make some preliminary comparisons with the existing high-energy data 
for the strange quark distributions. Fig. [7| and Fig. [8] respectively shows the theoretical dis- 
tributions evolved to Q 2 = 4GeV 2 and Q 2 = 20GeV 2 in comparison with the corresponding 
result of CCFR (NLO) analyses of the neutrino-induced charm production carried out with 
the assumption s(x) = s(x). In both figures, the solid and long-dashed curves represent 
the theoretical s- and s-quark distributions, while the left panel shows the predictions ob- 
tained with Am s = and the right panel shows those obtained with Am s = lOOMeV. As 
was intuitively anticipated, the SU(3) symmetry breaking effects considerably suppress the 
magnitude of s(x) and s(x) at the moderate range of x. The final theoretical predictions 
obtained with the Am s corrections appears to be qualitatively consistent with the CCFR 
data, although various uncertainties of the phenomenological data for s(x) and s(x) should 
not be forgotten. 

Very recently, Barone et al. carried out quite elaborate global analysis of the DIS data, 
especially by using all the presently-available neutrino data also, and they obtained some 
interesting information even for the asymmetry of the s- and s-quark distributions [£7||. Fig. |9| 
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x [s(x) - s(x)] at Q 2 = 20 GeV 2 
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FIG. 9: The theoretical predictions for the difference of s- and s-quark distributions at Q 2 = 
20 GeV 2 in comparison with the corresponding result of Barone et al's global analysis including 
neutrino data p7]]. Here, the solid and dashed curves respectively stand for the predictions of the 
SU(3) CQSM with and without Am s corrections. 

shows the comparison with their fit for the difference s(x) — s(x) at Q 2 = 20GeV 2 . Here, 
the thin shaded area represent the phenomenologically favorable region for this difference 
function obtained by Barone et al's global fit. On the other hand, the solid and dashed 
curves are the predictions of the SU(3) CQSM, respectively obtained with and without the 
Am s correction. One sees that, the difference s(x) — s(x) is extremely sensitive to the 
SU(3) symmetry breaking effects and that, after inclusion of it, the theory reproduces the 
qualitative tendency of the phenomenologically obtained behavior of s(x) — s(x) although 
not perfectly 

This tendency is more clearly seen in the ratio of s(x) and s(x) at Q 2 = 20GeV 2 . In 
Fig. [10|, the solid and dashed curves are the predictions of the SU(3) CQSM with and without 
the Am s corrections, while the thin and thick shaded areas represent the phenomenologically 
favorable regions for this ratio, respectively obtained by the CCFR group and by Barone 
et al. One clearly sees that the observed tendency of this ratio is reproduced (at least 
qualitatively) only after including the SU(3) symmetry breaking effects. 



with Am, correction 

without Am s correction 



Barone et al. 
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FIG. 10: The theoretical predictions for the ratio of s- and s-quark distributions at Q 2 = 20 GeV 2 



in comparison with the results of CCFR analysis 44] and of Barone et al's global fit [47]. The 
meaning of the curves are the same as in Fig. || 

Now, turning to the spin-dependent distribution functions, the quality of the presently 
available semi-inclusive data is rather poor, so that the analyses are mainly limited to 
the inclusive DIS data alone. (There exist some combined analyses of inclusive and semi- 
inclusive polarized DIS data p8|,ET 
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This forces them to introduce several simplifying 
assumptions in the fittings. For instance, many previous analyses have used the apparently 
groundless assumption of a flavor-symmetric polarized sea, i.e. Au(x) = Ad(x) = As(x) |51~| . 
Another analysis assumed that Aq 3 (x) = cAq 8 (x) with c being a constant. Probably, the 
most ambitious analyses free from these ad hoc assumptions on the sea-quark distributions 
are those of Leader, Sidorov and Stamenov (LSS) (See also Ref. p5fl .) We recall that 
they also investigated the sensitivity of their fit to the size of the SU(3) symmetry breaking 
effect. (Although they did not take account of the possibility that As(x) ^ As(x), this 
simplification is harmless, because only the combination As(x) + As(x) appears in their 
analyses of DIS data.) 

To compare the theoretical distributions of the SU(3) CQSM with the LSS fits given at 
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Q 2 = lGeV 2 , we must consider the fact that their analyses are carried out in the so-called 
JET scheme (or the chirally invariant factorization scheme). To take account of this, we start 
with the theoretical distribution functions Au(x) , Au(x) , Ad(x) , Ad(x) , As(x) and As(x), 
which are taken as the initial scale distribution functions given at Q 2 ni = 0.30GeV 2 . Under 
the assumption that Ag(x) = at this initial energy scale, we solve the DGLAP equation 
in the standard MS scheme with the gauge-invariant factorization scheme to obtain the 
distributions at Q 2 = lGeV 2 . The corresponding distribution functions in the JET scheme 
are then obtained by the transformation 

A£(x.Q 2 ) JET = AS(x.g 2 )^ + 22^)^(1 - X )Q Agix.Q 2 )^, (12) 
Ag{x.Q 2 ) JET = Ag(x.Q 2 ) Ms , (13) 

with AT,(x.Q 2 ) = YlfJi(Aqi(x.Q 2 ) + Aqi(x.Q 2 )) being the flavor-singlet quark polarization. 

Now we show in Fig. [TTJthe theoretical distributions x(Au(x)+Au(x)),x(Ad(x)+Ad(x)), 
x(As(x) + As(x)) and Ag(x) at Q 2 = lGeV 2 in comparison with the corresponding LSS 
fits. The solid and dashed curves in these four figures are respectively the predictions of the 
SU(3) CQSM obtained with and without the Am s corrections. To estimate the sensitivity 
of the fit to the SU(3) symmetry breaking effects, Leader et al. performed their fit by 
varying the value of axial charge as from its SU(3) symmetric value 0.58 within the range 
0.40 < a§ < 0.86. They found that the value of x 2_ fit to the presently available DIS data 
are practically insensitive to the variation of a§, which in turn means that a§ cannot be 
determined from the existing DIS data. Consequently, the distributions x[Au(x) + Au(x)} 
and x[Ad(x) + Ad(x)] are insensitive to the SU(3) symmetry breaking effects and can be 
determined with little uncertainties. This is also confirmed by our theoretical analysis. In 
Fig. [Tl](a) and Fig. fTTKb), the solid and dashed curves are the predictions of the SU(3) 
CQSM for the distributions x[Au(x) + Au(x)] and x[Ad(x) + Ad(x)} respectively obtained 
with and without the Am s corrections. One confirms that they are nearly degenerate and 
that they reproduce well the results of LSS fit. On the other hand, the distributions of the 
strange quarks and the gluons are very sensitive to the variation of the axial charge a§, so 
that it brings about large uncertainties for these distributions in the LSS fit as illustrated 
by the shaded regions in Fig. 0(c) and Fig. |ll|(d). The feature is again consistent with our 
theoretical analysis at least for the polarized strange-quark distributions. In fact, the SU(3) 
CQSM predicts that x[As(x) +As(x)] is large and negative but the Am s correction reduces 
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its magnitude by a factor of about 0.6. 
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(b) Ad(x) + Ad(x) 
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FIG. 11: The theoretical distribution functions (a) x{Au{x) + A-u(x)), (b) x(Ad(x) + Ad(x)), (b) 
x(As(x) + As(x)), and (d) xg(x) at Q 2 = lGeV 2 , in comparison with the corresponding LSS fits 
in the JET scheme ||52| . Here, the solid and dotted curves are the predictions of the SU(3) CQSM 
with and without Am s corrections, while the central fit by LSS analyses are represented by the 
dash-dotted curves. The large uncertainties for the strange-quark distribution as well as the gluon 
distribution in the LSS fits are illustrated by the shaded areas. 



A noteworthy feature of the theoretical predictions of the SU(3) CQSM is that the nega- 
tive polarization of strange sea comes almost solely from As(x), while As(x) is nearly zero. 



This is illustrated in Fig. [12|. The predicted sizable particle-antiparticle asymmetry of the 
polarized strange sea can be verified only by the near future experiments beyond the totally 
inclusive DIS scatterings such as the semi-inclusive DIS processes, the neutrino reactions, 
etc. 
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FIG. 12: The theoretical prediction of the SU(3) CQSM for the separate contributions of s- and 
s-quarks to the longitudinally polarized distribution functions x[As(x) + As(x)] in comparison with 
the LSS fit §|. 

From the theoretical viewpoint, it is interesting to see the particular linear combinations 
of the distributions Au(x) + Au(x), Ad(x) + Ad(x) and As(x) + As(x) given by 

Aq (x) = Au(x) + Au(x) + Ad(x) + Ad(x) + As(x) + As(x), (14) 
Aq 3 (x) = Au(x) + Au(x) - Ad(x) - Ad(x), (15) 
Aq 8 (x) = Au(x) + Au(x) + Ad(x) + AJ(x) - 2 [As(x) + As(x)]. (16) 

We show in Fig. [Lj(a) the predictions of the SU(3) CQSM for these densities at Q 2 = lGeV 2 
in the JET scheme. One clearly sees that Aqo(x) is negative in the smaller x region. One 
can also convince that the polarized strange quark densities given by 

As(x) + As(x) = - [Aq (x) - Aq 8 (x)}, (17) 

is certainly negative for all range of x. Of special interest here is the difference or the ratio of 
Aq 3 (x) and Aq s (x), since, as already pointed out, some previous phenomeno logical analyses 
assume Aq 3 (x) / Aq 8 (x) = constant with no justification. The solid and dashed curves in 
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(a) Aq 3 (x), Aq 8 (x), Aq„ (x) (b) Aq 3 (x) / Aq 8 (x) 




FIG. 13: The flavor nonsinglet and single combinations of the longitudinally polarized distribution 
functions and their ratio at Q 2 = 1 GeV 2 in the JET scheme : (a) Aq%(x), Aqg(x), and Aqo(x), 
and (b) Aq^x) / Aqg(x) . In the right panel, the solid and dashed curves are the predictions of the 
SU(3) CQSM with and without Am s corrections, whereas the dash-dotted curve stands for the 
corresponding LSS fit. 

Fig. |l3](b) are the predictions of the SU(3) CQSM for this ratio, respectively obtained with 
and without Am s corrections, while dash-dotted curves is the corresponding result of LSS fit. 
After including the SU(3) symmetry breaking effects, one can say that the theory reproduces 
the qualitative behavior of the LSS fit for this ratio. 

Through the analyses so far, we have shown that the flavor SU(3) CQSM can give unique 
and interesting predictions for both of the unpolarized and the longitudinally polarized 
strange quark distributions in the nucleon, all of which seems to be qualitatively consistent 
with the existing phenomenological information for strange quark distributions. A natural 
question here is whether or not it is realistic enough as the flavor SU(2) CQSM has been 
proved so. (We recall that the SU(2) CQSM reproduces almost all the qualitatively no- 
ticeable features of the presently available DIS data.) Which is more realistic model of the 
nucleon, the SU(2) CQSM or the SU(3) one? Naturally, at least concerning one particular 
aspect, i.e. the problem of hidden strange-quark excitations in the nucleon, the SU(3) model 
is superior to the SU(2) model, since the strange quark excitations in the nucleon can be 
treated only in the former model. The question is then reduced to which model gives more 
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realistic descriptions for the u, d-flavor dominated observables, which have been the objects 
of studies of the SU(2) CQSM. To answer this question, we try to reanalyze several inter- 
esting observables, which we have investigated before in the SU(2) CQSM, here within the 
framework of the flavor SU(3) CQSM. 



(a) gl p (x) at Q 2 = 5GeV 2 
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(b) gl n (x)atQ 2 = 5GeV 2 
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(d) gl d (x) at Q 2 = 5 GeV 2 
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FIG. 14: The theoretical predictions for the proton, neutron, and deuteron spin structure functions 
fi(x),g£(x), and gf(x) at Q 2 = 5 GeV 2 in comparison with the corresponding SLAC and SMC 
data. The solid and dashed curves in these figures respectively stand for the predictions of the 
SU(3) CQSM and those of the SU(2) CQSM. The black circles in (a) and (b) are the E143 §§ 
and the E154 data [jj5|1, while the diamonds, the circles and the squares in (c) represent the E143 



, the E155 |56|and the SMC data |57fl. 



At this opportunity, the calculation in the SU(2) model were redone, because there is 
a little change in the theoretical treatment of the O^ 1 ) contribution to the longitudinally 
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polarized distribution functions as was explained in the previous section. First, in Fig. [14], 
we show the theoretical predictions of the SU(3) and SU(2) CQSM for the longitudinally 
polarized structure functions of the proton, the neutron and the deuteron in comparison 
with the corresponding EMC and SMC data at Q 2 = 5GeV 2 . Here, the solid and dashed 
curves are the predictions of the SU(3) and SU(2) CQSM, respectively. The black circles in 
Fig. |T4](a) are E143 data, whereas those in Fig. |I3](b) are E154 data |55fl . On the other hand, 
the black circles, white circles and white squares in Fig. [141(c) and Fig. [15(d) correspond 
to the E143 [54|, E155 |56| and SMC data [ 571 , respectively. Comparing the predictions of 
the two versions of the CQSM, one notices two features. First, the magnitudes of g\{x) and 
g™{x) are reduced a little when going from the SU(2) model to the SU(3) one. As we will 
discuss shortly, this feature can be understood as a reduction of the isovector axial charge 
in the SU(3) CQSM. Another feature is that the small x behavior of the deuteron structure 
function (the flavor singlet one) becomes slightly worse in the SU(3) model. (This is due 
to the SU(3) symmetry breaking effects.) These differences between the predictions of the 
SU(3) CQSM and the SU(2) one are very small, however. Considering the qualitative nature 
of our model as an effective low energy theory of QCD, we may be allowed to say that both 
models reproduces the experimental data fairly well. 

As mentioned above, the reduction of the magnitudes of Qi(x) and g"(x) in the SU(3) 
CQSM can be traced back to the change of the isovector charge, which is related to the 
first moment of gf(x) — gi(x). We show in Table 1 the predictions of the SU(3) and SU(2) 
CQSM for the flavor nonsinglet as well as flavor singlet axial charges, the quark polarization 
of each flavor defined as Aq = Jq 1 [Aq(x) + Aq(x)] dx, in comparison with some phenomeno- 
logical information. One sees that, aside from the addition of the strange quark degrees of 
freedom, a main change when going from the SU(3) model to the SU(2) one is a decrease 
of isovector axial charge g A \ while the flavor singlet axial charge g A is almost unchanged. 

(3) 

Corresponding to this reduction of g A , the magnitudes of Au and Ad are both reduced 
a little. Also shown in this table is the fundamental coupling constants F and G in the 
flavor SU(3) scheme as well as their ratio. They are all qualitatively consistent with the 
phenomenological information. Interestingly, the predicted ratio F/D is very close to that 
of the naive SU(6) model, i.e. 3/5, even though such dynamical symmetry is not far from 
being justified in our theoretical framework. 

Next, we go back to the spin- independent observables. The solid and dashed curves 



23 



TABLE I: The predictions of the SU(3) and SU(2) CQSM for the axial charges, the quark polar- 
ization Aq = Jq 1 [Aq(x) + Aq(x)] dx of each flavor, and the basic coupling constant of SU(3), in 

(3) (8) 

comparison with phenomenological information. Here, the experimental values for g A ,g\ ,F,D 



and F/D are from [58|, while Am, Ad, As and corresponds to the values at Q 2 = 10 GeV 2 given 
in M. 





SU(2) CQSM 


SU(3) CQSM 


Experiment 


(3) 
9 A 


1.41 


1.20 


1.257 ± 0.016 


9a 




0.59 


0.579 ± 0.031 


9a 


0.35 


0.36 


0.31 ± 0.07 


Au 


0.88 


0.82 


0.82 ± 0.03 


Ad 


-0.53 


-0.38 


-0.44 ± 0.03 


As 





-0.08 


-0.11 ± 0.03 


F 




0.45 


0.459 ± 0.008 


D 




0.76 


0.798 ± 0.008 


F/D 




0.59 


0.575 ± 0.016 



in Fig. 1151(a) stand for the predictions of the SU(3) and SU(2) CQSM for the difference 
F^x) — F%{x) of the proton and neutron structure function i^O^), in comparison with the 
corresponding NMC data at Q 2 = 4GeV 2 . One the other hand, the solid and dashed curves 
in Fig. |l|(b) are the predictions of the SU(3) and SU(2) CQSM for the ratio F"(x)/Ff (x) in 
comparison with the NMC data. One confirms that these difference and the ratio functions 
are rather insensitive to the flavor SU(3) generalization of the model and that the success 
of the SU(2) CQSM is basically taken over by the SU(3) model. 

In Fig. [H], the theoretical predictions of both models for the sea-quark distribution d(x) — 
u(x) is compared with the corresponding E866 data at Q 2 = 54GeV 2 |61[] and with HERMES 
data at Q 2 = 4GeV 2 Q, for reference. The isospin asymmetry of the sea-quark distributions 
or the magnitude of d(x) — u(x) turns out to become a little smaller in the SU(3) model 
than in the SU(2) model, although the change is fairly small. 

Next, in Fig. O, the theoretical predictions for the ratio d(x)/u(x) at Q 2 = 30 GeV 2 are 
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FIG. 15: The theoretical predictions of the two versions of the CQSM for F%{x) — F^ix) and 
F%(x)/F%(x) at Q 2 = 4 GeV 2 are compared with the NMC data given at the corresponding energy 
scale Q. 

compared with the corresponding E866 data as well as the old NA51 data. This ratio turns 
out to be a little sensitive to the flavor SU(3) generalization of the model. It is found that 
the SU(3) version of the CQSM well reproduces the qualitative tendency of the E866 data 
for this ratio, although the magnitude itself is a little overestimated. To reveal the reason of 
this overestimation, it may be interesting to compare the magnitudes of quark and antiquark 
distributions themselves. Shown in Fig. [19] are the predictions of the SU(3) CQSM for the 
unpolarized quark and antiquark distribution functions with each flavor at Q 2 = 20 GeV 2 . 
Of special interest here are the magnitudes of u(x), d(x) and s(x). The model predicts that 



d(x) > s(x) > u(x), 



while the standard MRST ||J or CTEQ fit |5| says that 



d(x) > u(x) > s(x). 



(18) 



(19) 



Undoubtedly, the magnitudes of ^-distribution as compared with the other two flavors seems 
to be underestimated a little too much by some reason. 

As repeatedly emphasized, a quite unique feature of the SU(2) CQSM is that it predicts 
sizably large isospin asymmetry not only for the unpolarized sea-quark distributions but 
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FIG. 16: The theoretical predictions of the SU(3) and SU(2) CQSM for the unpolarized antiquark 
distribution d(x) - u(x) at Q 2 = 54 GeV 2 in comparison with the HERMES @ and E866 data 
5l. 



also for the longitudinally polarized ones. A natural question is what the predictions of the 
flavor SU(3) CQSM is like. We have already shown that the predictions of these two models 
are not largely different for the isospin asymmetry of the unpolarized seas, for instance, 
for d(x) — u(x). To confirm it again but here in comparison with the case of polarized 



distributions, we show in Fig. [18] the theoretical predictions for d(x) — u(x) evaluated at 
Q 2 = 0.88 GeV 2 in comparison with Bhalerao's semi-theoretical prediction for reference |63| . 
The solid and dashed-dotted curves in Fig. 0(a) are the predictions of the SU(3) CQSM 
obtained with and without the Am s corrections, while the dotted curve is the prediction 
of the SU(2) CQSM. We recall that Bhalerao's prediction shown by the dotted curve is 
obtained based on what-he-call the statistical quark model, which is based on some statistical 
assumptions on the parton distributions while introducing several experimental information. 
As one can see, all the four curves are more or less degenerate and they are all qualitatively 
consistent with the magnitude of isospin asymmetry of ci-sea and u-sea, observed by the NMC 
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FIG. 17: The theoretical predictions of the SU(3) and SU(2) CQSM for the ratio d{x)/u(x) in the 
proton as a function of x in comparison with the result of E866 analysis [MJ. Also shown is the 



result from NA51 [62], plotted as an open box. 



measurement. On the other hand, Fig. |TB|(b) shows the similar analysis for the longitudinally 
polarized sea-quark distributions Au(x) — Ad(x). The meaning of the curves are all similar 
as in Fig. |TE|(a). One finds that the magnitude of Au(x) — Ad(x) is fairly sensitive to the 
flavor SU(3) generalization of the CQSM, or more precisely, to the difference between the 
dynamical assumptions of the two models. (This provides us with one of the few exceptions 
to our earlier statement that u, ci-flavor dominated observables are generally insensitive to 
it.) The sign of Au(x) — Ad(x) remains definitely positive but its magnitude is reduced 
by nearly a factor of 2 when going from the SU(2) model to the SU(3) model the chiral 



limit (Am s = 0). As was conjectured in [21], the inclusion of the SU(3) symmetry breaking 
corrections partially cancels this reduction and works to pull back the prediction of the 
SU(3) model toward that of the SU(2) model. Still, the final prediction of the SU(3) CQSM 
is fairly small as compared with that of the SU(2) one although it is not extremely far from 
the prediction of Bhalerao's statistical model K 
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FIG. 18: The isospin asymmetries of the light-flavor sea-quark distribution functions evaluated at 
Q 2 = 0.88 GeV 2 in the standard MS factorization scheme with gauge invariant regularization. The 
left figure shows the unpolarized distribution x[d(x) — u(x)], while the right figure represents the 
longitudinally polarized one x[Au(x) — Ad(x)]. In both figures, the solid and dash-dotted curves 
are the predictions of the SU(3) CQSM with and without Am s corrections, whereas the dotted 
curves are those of the SU(2) CQSM. Bhalerao's semi-theoretical predictions are also shown for 



comparison [33| 



One may be also interested in the signs and the relative order of the absolute magnitudes 
of Au(x), Ad(x) and As(x) themselves. We show in Fig. |20]the theoretical predictions of the 
SU(3) CQSM for the longitudinally polarized quark and antiquark distributions with each 
flavor at the energy scale of Q 2 = 0.88 GeV 2 . In addition to that the model reproduces the 
well-established fact Au(x) > and Ad(x) < 0, it also predicts that Au(x) > 0, Ad(x) < 
and As(x) < with 

\Ad(x)\ > \Au{x)\ > \As(x)\. (20) 

We point out that these predictions of the SU(3) CQSM are qualitatively consistent with 
those of Bhalerao's statistical quark model except for the fact that he assumes As(x) = 
As(x), while the SU(3) CQSM indicates that 

\As(x)\ > |As(x)|. (21) 

Summarizing the predictions of the two versions of the CQSM for the light-flavor sea- 
quark asymmetry, both turn out to give equally good explanation for the shape and mag- 
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FIG. 19: The theoretical predictions of the SU(3) CQSM for the unpolarized quark and antiquark 
distribution functions with each flavor at the energy scale of Q 2 = 20GeV 2 . 
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FIG. 20: The theoretical predictions of the SU(3) CQSM for the longitudinally polarized quark 
and antiquark distribution functions with each flavor at the scale of Q 2 = 0.88 GeV 2 . 

nitude of spin-independent distribution d(x) — u(x). The situation is a little different for 
the longitudinally polarized sea-quark distributions. Although the sign of Au(x) — Ad(x) is 
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definitely positive in both models, the SU(2) CQSM predicts that 

\u{x)-d{x)\ < \Au{x) - Ad(x)\, (22) 

while the SU(3) model gives 

\u(x)-d(x)\ ~ \Au(x) - Ad(x)\, (23) 

or \Au(x) — Ad(x)\ is slightly small than \u(x) — d(x)\. Still, the sizably large isospin 
asymmetry of the spin-dependent sea-quark distributions is a common feature of the two 
versions of the CQSM. (It is interesting to remember that large flavor and spin asymmetry 



of the nucleon sea is also predicted by the instanton model p6fl,[]6T|].) We think that this fact 
is worthy of special mention. The reason becomes clear if one compares the predictions of 
the CQSM with those of the naive meson cloud convolution model. As is widely known, the 
NMC observation d(x) —u(x) > in the proton can be explained equally well by the CQSM 
and by the meson cloud model |6£| , []69| , |7(| . A simple intuitive argument, however, indicates 



that the latter model would generally predict both of Au(x) and Ad(x) is small. This is 
because the lightest meson, i.e. the pion has no spin and that the effect of heavier meson is 
expected to be less important. Actually, the situation seems a little more complicated. In a 
recent paper, Kumano and Miyama estimated the contribution of p-meson to the asymmetry 



Au(x) — Ad(x) and found that it is slightly negative [[TT|]. On the other hand, Fries et al. 
argued that a large positive Au(x) — Ad(x), as obtained in the CQSM, can be obtained 
from nN-crN interference-type contributions in the meson cloud picture ||72|| . Undoubtedly, 



for drawing a definite conclusion within the framework of the meson cloud model, more 
exhaustive studies of possibly important Feynman diagrams are necessary. This should 
be contrasted with the prediction of the CQSM. Since there is little arbitrariness in its 
theoretical framework, its prediction once given is one and only in nature and cannot be 
easily modified. Both of the CQSM and the meson cloud convolution model give equally nice 
explanation for the novel isospin asymmetry for the unpolarized sea-quark distributions, so 
that one might have naively thought that they are two similar models containing basically 
the same physics. In fact, a commonly important ingredients of the two models are the 
Nambu-Goldstone pions resulting from the spontaneous chiral symmetry breaking of QCD 
vacuum. However, a lesson learned from the above consideration of the isospin asymmetry for 
the spin- dependent sea-quark distributions is that it is not necessarily true. An interesting 
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question is what makes a marked difference between these two models. In our opinion, it 
is a strong correlation between spin and isospin quantum numbers embedded in the basic 
dynamical assumption of the CQSM, i.e. the hedgehog ansatz. We recall that we have long 
known one example in which the difference of these two models makes more profound effect 
f73|,[[7^])[]5|,P!5|. It is just the problem of quark spin fraction of the nucleon. Is there any 
simple and convincing explanation of this nucleon spin puzzle within the framework of the 
meson cloud model? The answer is no, to our knowledge. On the other hand, assuming 
that the dynamical assumption of the CQSM is justified in nature, it gives quite a natural 
answer to the question why the quark spin fraction of the nucleon is so small. In fact, 
according to this model, a nucleon is a bound state of quarks and antiquarks moving in 
the rotating mean-field of hedgehog shape. Because of the collective rotational motion, it 
happens that a sizable amount (~ 65%) of the total nucleon spin is carried by the orbital 
angular momentum of quark and antiquark fields. We conjecture that the cause of the 
simultaneous large violation of the isospin asymmetry for both the spin-independent and 
spin- dependent sea-quark distributions can also be traced back to the strong spin-isospin 
correlation generated by the formation of the hedgehog mean field. 



IV. SUMMARY AND CONCLUSION 



In summary, several theoretical predictions are given for the light-flavor quark and anti- 
quark distribution functions in the nucleon on the basis of the flavor SU(3) CQSM. Its basic 
lagrangian is a straightforward generalization of the corresponding SU(2) model except for 
the presence of sizably large SU(3) symmetry breaking term, which comes from the apprecia- 
ble mass difference Am s between the s-quark and the u, ci-quarks. As explained in the text, 
this SU(3) symmetry breaking effect is treated by using a perturbation theory in the mass 
parameter Am s . We have shown that the SU(3) CQSM can give several unique predictions 
for the strange and antistrange quark distributions in the nucleon while maintaining the suc- 
cess previously obtained in the flavor SU(2) version of the CQSM for u, <i-flavor dominated 
observables. For instance, it predicts a sizable amount of particle-antiparticle asymmetry 
for the strange-quark distributions. Its predictions for the distributions s(x) — s(x) and 
s(x)/s(x) at Q 2 = 20 GeV 2 are shown to be consistent with the corresponding phenomeno- 
logical information given by Barone et al. and by CCFR group at least qualitatively. As 
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expected, the magnitudes of s(x) and s(x) turn out to be very sensitive to the SU(3) sym- 
metry breaking effects. We showed that the theoretical predictions for xs(x) and xs(x) at 
Q 2 = 4 GeV 2 and Q 2 = 20 GeV 2 are qualitatively consistent with the CCFR data after tak- 
ing account of the SU(3) symmetry breaking effects. The particle-antiparticle asymmetry of 
the strange quark distributions are even more profound for the spin-dependent distributions 
than for the unpolarized distributions. Our theoretical analysis strongly indicates that the 
negative (spin) polarization of the strange quarks, i.e. the fact that As(x) + As(x) < 0, as 
suggested by the LSS fit as well as many other phenomenological analyses, comes almost 
solely from the s-quark and the polarization of s-quark is very small. The model gives in- 
teresting predictions also for the isospin asymmetry of the u- and o?-quark distributions. We 
had already known that the flavor SU(2) CQSM gives a natural explanation of the NMC 
observation, i.e. the excess of d-sea over the w-sea in the proton. In the present investigation, 
we have confirmed that this favorable aspect of the SU(2) CQSM is just taken over by the 
SU(3) CQSM and that they in fact give nearly the same predictions for the magnitude of the 
asymmetry d(x) — u(x). On the other hand, we find that the predictions of the two models 
for the isospin asymmetry of the longitudinally polarized sea-quark distributions are a little 
different. Both models predicts that Au(x) — Ad(x) > 0, but the magnitude of asymmetry 
is reduced by a factor of about 0.6 when going from the SU(2) model to the SU(3) one. 
Still, a sizably large isospin asymmetry of the spin-dependent sea-quark distributions is a 
common prediction of both versions of the CQSM, and it should be compared with the un- 
settled situation in the meson-cloud convolution models. In our opinion, the physical origin 
of the simultaneous violation of the isospin symmetry for the spin-independent and spin- 
dependent sea-quark distributions may be traced back to the strong correlation between spin 
and isospin embedded in the hedgehog symmetry of soliton solution expected to be realized 
in the large N c limit of QCD. What should be emphasized here is another consequence of the 
hedgehog symmetry embedded in the CQSM. It has long been recognized that, according to 
this model, only about 35 % of the total nucleon spin is due to the intrinsic quark spin and 
the remaining 65 % is borne by the orbital angular momentum of quark and antiquark fields. 
We emphasize that this is a natural consequence of the nucleon picture of this model, i.e. 
"rotating hedgehog". Unfortunately, unresolved role of gluon fields, especially the role of 
Ua(X) anomaly makes it difficult to draw a definite conclusion on this interesting but mys- 
terious problem. In this respect, more thorough study of simpler problem, i.e. the possible 
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isospin asymmetry of longitudinally polarized sea-quark distributions may be of some help 
to test the validity of the basic idea of the soliton picture of the nucleon. At any rate, an 
important lesson learned from our whole analyses is that the spin and flavor dependencies 
of antiquark distributions in the nucleon are very sensitive to the nonperturbative dynamics 
of QCD. To reveal this interesting aspect of baryon structures, it is absolutely necessary to 
carry out flavor and valence plus sea quark decompositions of the parton distribution func- 
tions. We hope that this expectation will soon be fulfilled by various types of semi-inclusive 
DIS scatterings as well as neutrino-induced reactions planned in the near future. 
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